Purification and characterization of 3-hydroxyisobutyrate dehydrogenase from rabbit liver.
3-Hydroxyisobutyrate dehydrogenase (3-hydroxy-2-methyl propanoate: NAD+ oxidoreductase, EC 1.1.1.31) was purified 1800-fold from rabbit liver by detergent extraction, differential solubility in polyethylene glycol and (NH4)2SO4, and column chromatography on DEAE-Sephacel, phenyl-Sepharose, CM(carboxymethyl)-Sepharose, Affi-Gel Blue, and Ultrogel AcA-34. The enzyme had a native Mr of 74,000 and appeared to be a homodimer with subunit Mr = 34,000. The enzyme was specific for NAD+. It oxidized both S-3-hydroxyisobutyrate and R-3-hydroxyisobutyrate, but the kcat/Km was approximately 350-fold higher for the S-isomer. Steady state kinetic analysis indicates an ordered Bi Bi reaction mechanism with NAD+ binding before 3-hydroxyisobutyrate. The enzyme catalyzed oxidation of S-3-hydroxyisobutyrate between pH 7.0 and 11.5 with optimal activity between pH 9.0 and 11.0. The enzyme apparently does not have a metal ion requirement. Essential sulfhydryl groups may be present at both the 3-hydroxyisobutyrate and NAD+ binding sites since inhibition by sulfhydryl-binding agents was differentially blocked by each substrate. The enzyme is highly sensitive to product inhibition by NADH which may play an important physiological role in regulating the complete oxidation of valine beyond the formation of 3-hydroxyisobutyrate.